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lXVXSTIGATION O F  THE LCN-SPEED 

AERODYNAMIC CHARACTERISTICS O F  A VARIABIZ-SWEB AIRP- 

MODEL W I T H  A WING HAVING PARTIAL-=AN C A M B E t E D - m I I Y G -  

EDGE MODIFICATIONS 

By Robert E. Becht and Andrew L. Byrnes, Jr. 

An invest igat ion was made t o  determine  the  aerodynamic character- 
i s t i c s  a t  low speed of a variable-sweep  airplane model with a w i n g  having 
cambered sections  outboard of the  h-percent-semis-  station a t  500 sweep 
and ahead of the  45-percent  streamwlse chord l h e .  Two leadfng-edge 
camber designs were tes ted,  one having  twice  the camber of  the  other.  A 

a  wing of symmetrical  sections and a l so  a fully cambered  and twisted wing. 
me ef fec t   o f   par t ia l - span   sp l i t  flaps on the wing at 200 sweep was a l so  

. comparison was made with  the data obtained on the  same model incorporating 

I included in   the   inves t iga t ion .  

The r e su l t s  of the  fnvestigation, which was made a t  a Reynolds number 
of 2 x 106 based  on the  mean aerodynamic  chord at  500 sweep, indicated 
that the   e f f ec t s  of the  lesding-edge-camber  modifications were similar t o  
those  obtained  with a fully cambered and twisted wing. 

The highest  value of t a i l - o f f  maxlmum lift coef f ic ien t  was obtalned 
a t  a l l  sweep angles from the wing sect ion having the maximum leading-edge 
c a m b e r .  The f lap   e f fec t iveness  a t  the  minimum sweep angle of  200 was 
about  equal  for a l l  configurations. A t  sweep angles in excess of about 
35O, the  partial-span leadhg-edge-camber modifications w e r e  no t   as  
e f fec t ive  as the  fully cambered and twisted wing in   increas ing   the  
maximum l i f t - d r a g   r a t i o  (L/D),, of  the  symmetrical w i n g  model. In 
addi t ion ,   the   fu l ly  cambered and tw i s t ed  wing general ly  had the highest 
L/D values a t  l i f t  coeff ic ients  above that corresponding t o  (L/D),, 
f o r  a l l  sweep angles. 
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Previous  investigations  of  the aerodynamic charac te r i s t ics  of a 
t - scale  model, representative of  the Eeii Xz5"alr*lane,. have shown tha t  
appreciable performance gains were obtained when a fully cambered and 
twi s t ed  wing was used on t h e  model in place  of a wing having  symmetrical 
sections.  (See r e f s .  1, 2, 3, and 4.)  Inasmuch as   the fully cambered 
and twi s t ed  wing  used in  reference 3 would require curved hinge l i n e s  
for the  control  surfaces and would also further  complicate  the wing- 
fuselage  juncture problems on a variable-swept-wing a i r c r a f t ,  a more 
prac t ica l  wing design that would re ta in  a t  ' least  some of  these perform- 
ance  gains was desirable.  
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. .  

The present p p e r  contains  the resu l t s  of an   inves t iga t ion   a t  low 
speed of the same model as used previously, but with a wing having two 
interchangable  partial-span  leading-edge-camber  modifications.  Data  are 
presented  for  each of the  leadingedge  mod€fications a t  .King sweep angles 
of 20°, 35O, 50°, and 60°: The e f fec t  o f  p r t i a l - s p a n   s p l i t   f l a p s  wa6 
obtained a t  only the minimum sweep angle of  20°. 

SYMBOLS 

The system o f  axes employed, together  with  the  posit ive  direction 
of the forces, moments, and angles, is given in   f i gu re  1. The aerody- 
namic force and moment coef f ic ien ts   a re  based on the   ac tua l  wing area 
and s p n  which vary with sweep angle, but a constant  chord,  equal  to  the 
wing mean aerodynainic  chord a t  50° sweep, i s  used for the pitching-moment 
coeff ic ients .  The pitching moments were measured about a fixed fuselage 
station  corresponding to the  quarter-chord p i n t  of  the mean aerodynamic 
chord o f  the wing, which was t ranslated so that the  quarter-chord point 
of  the mean aerodynamic  chord a t  any sweep angle f e l l  a t  this same fuse- 
lage   s ta t ion .  (See f i g .  2.) '??$e symbols used are  defined as follows: 

longitudinal-force  coefflcient, X/qS 

- ." u 
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pitching-moment coeff ic ient ,  M/qSE30 

yawing-moment coeff ic ient ,  ~ / q ~ 6  

longitudinal.  force along X - a x i s  (Drag = -X) , lb 
la teral   force  a long  Y-axis ,   lb  

ro l l i ng  moment about  X-axis,  ft-lb 

pitching moment about Y-axis, f t - l b  

yawing moment about Z - a x i s ,  f t - l b  

r a t i o  of l i f t  to   drag 

fr-ee-stream dynamic pressure, pV2/2, lb/sq ft 

ef fec t ive  downwash angle at the  ta i l ,  deg 

wing area, sq f t  

wing mean aerodynamic  chord, , ft; based on 

plan forms shown in f i g .  2 

wing mean aerodynamic  chord a t  50' sweep, ft 

l oca l  streamwise wing chord, f t  

local wing chord  perpendicular  to  quarter-chord  line  of 
unswept wing, f t  

wing span, f-t 

free-stream velocity,   fps 

aspect  ratio,  b2/S 

mass density  of  air ,   slugs/cu f t  
" . . 

I 
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a angle of  a t t ack  of thrust l i ne ,  deg 

P angle  of  sideslip,  deg 

it angle of incidence  of   s tabi l izer  with respect t o   t h r u s t  
l ine ,  deg 

. 6f f lap  def lect ion measured i n  a plane  perpendicular t o  hinge 
l ine ,  deg 

A angle of sweepback of quarter-chord  line  of unswept wing, 
deg 

Y spanwise dis tance measured perpendicular from plane of 
symmetry, ft  

z height above chord  plane  of symmetrical sect ions 

d streamwise distance back of l oca l  wing leading edge, f t  

Subscripts : 

P denotes partial derivative of a coeff ic ient   with respect t o  
s i d e s l i p  angle; f o r  example, C = - 2 

5 ai3 9 

=X maximum f i  

APPARATUS AHD MODEL 

Description o f  Made1 

The physical   character is t ics   of   the  model are  presented  in  f igure 2 
and  photographs of the  model on the support s t r u t  are given In f igure 3.  
Figure 4 shows the detatls of t h e   s p l i t   . f l a p .  The model was constructed 
of wood bonded t o   s t e e l  reinforcing.mem'tjers. 

" .. . .~ 

The model used in the .present  investigation w a s  the same as that 
used i n  the tests of  references 1, 2, and 3 with  the exception  of  the 
w i n g  sect ions.  The w i n g  sections  inboard of the 40-percent-semispan 
s t a t i o n  and  behind. t h e  45-percent-chortl l i n e  outboard of t h i s  spanwise 
s t a t i o n  were the  same as that used i n  references 1 and 2. The remaining 
portion  of  the wing was designed t o  have. the  same camber as the wing 
used in  reference 3 for  modification 1 and twice t h i s  camber for modlfi- 
cat ion 2. (The wing  used i n  ref. 3 was cambered and twisted 'so as 



" 
I 

- t o  produce a uniform load d is t r ibu t ion  a t  a Mach number of 1.10 and a 
l i f t   c o e f f i c i e n t  of 0.25 for the wing a t  500 sweep.) A plot  of  the ' 
modified camber l i n e  a t  two semispan s ta t ions   o f   the  300 swept  wing is 
presented in figure 5 f o r  the two camber designs  investigated. The 
thfckness  distribution measured in planes n o m 1  to the  O.25-ch01-d l i n e  
of   the  unswept p n e l  was mACA 64( -010.3 a t  the root taper ing to 
NACA 64-008 at t h e   t i p .  

i 

The wings  were pivoted about axes parallel to the  plane  of symmetry 
and normal t o  the chord-plane  inboard  of  the  40-percent-semispan s t a t i o n  
a t  50' sweep so that the sweepback angle could  be  varied continuously 
from 200 t o  600. The incidence of  t h i s  chord  plane measured i n  a stream- 
w i s e  d i rec t ion  was zero. 

A jet-engine  duct was simulated on the model by use of an open tube 
having an inside diameter equal   to  that of the jet  ex i t  and extending 
from the   nose   to   the   j e t   ex i t .  

. TESTS 

The tests were made in the Langley 300 MPH 7- by  10-foot tunnel a t  
a dynamic pressure of 34.15 pounds per square foot  which  corresponds t o  
a Math number o f  0 3 2  and a Reynolds number of 2 x 106 based on the  
mean aerodynamic  chord a t  500 sweep for  average test conditions. 

n 

m During the  tests, no control was imposed on the   quant i ty  of air  
flow  through  the  Jet  duct. Measurements made i n  previous tests indicated 
that the inlet ve loc i ty   ra t io   var ied  between 0.78 and 0.86, the  higher 
values  being  observed a t  low angles of  a t tack .  

The e f fec t ive  downwash was calculated from the  pitchfng-moment 
results  by  using various horizontal  tai l  settings. The parameters C 

Cys' and C were determined from tests through  the  angle-of-attack 

range a t  s ides l ip  angles of Oo and -5O.' 

nP' 
% 

1 .  

CORRKCTIONS 

The angle-ofdttack,  drag, and pitching-moment results have  been 
corrected  for  jet -boundary e f fec t s  that w e r e  computed on the basis of 

have  been corrected for blocking due t o   t h e  model  and its wake by  the 
method of reference 6. 

1 an unswept  wing theory by the method of  reference 5 .  All coeff ic ien ts  

L 
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Corrections for the tare forces and moments produced by the support 
s t r u t  have not been  applied.. It i s  probable, however, that the   s ign i f i - .  . .  

cant tare corrections would be limited t o  small increments in   p i tch ing  
moment and drag. 

1 

Vert ical  buoyancy  on the support   strut ,   tunnel air-flow misaline- 
ment, and the  longitudinal  pressure  gradient have been  accounted for i n  
computation of t he  test da ta .  

RESULTS AND DISCUSSION 

Presentation  of  Results 

The r e su l t s   o f  the investigation are presented i n  the  figures l i s ted  
as follous : 

Figure 

Longitudinal aerodynamic charac te r i s t ics  . . . . . . . . . . .  6 and 7 
Effect of  f l aps  on the longitudinal 

aerodynamic charac te r i s t ics  . . . . . . . . . . . . . . . .  8 
C comparisons . . . . . . . . . . . . . . . . . . . . . . .  9 

&x 
Drag comparisons . . . . . . . . . . . . . . . . . . . . . . .  10 
Lif t -drag   ra t ios  . . . . . . . . . . . . . . . . . . .  '. . .  11 and 12 
Pitching-moment  comparisons . . . . . . . . . . . . . . . . .  13 
Effective downwash . . . . . . . . . . . . . . . . . . . . . .  14 
Lateral and d i rec t iona l  s tabi l i ty  charac te r i s t ics  . . . . . .  15 

I n  order  to  provide a comparison  which w i l l i n d i c a t e  the e f f e c t s  of  
the  leading-edge camber modifications, data from references 1 and 2 on 
the same model but with a wing having symmetrical sect ions are included 
i n  sane of  the f igures .   In   addi t ion,  data are presented from refer- 
ence 3 f o r   t h e  same model b u t  with a fully cambered and twi s t ed  wing 
which was designed to produce a uniform load d i s t r ibu t ion  a t  a Msch num- 
ber  of  1.10 and a l i f t  coeff ic ient  o f  0.25 for  the wing a t  50° sweep. 
As reviously mentioned in the   sect ion on symbols, the  aerodynamic coef- 
ficlents  presented herein are based on the wing area and spsn of the  
sweep in question and on the mean aerodynamic  chord of   the wing a t  
500 sweep. The pitching-moment coef f ic ien ts  are, thus, based on a refer-  
ence length which is f ixed  with  respect  to the fuselage, whereas a l l  
other   coeff ic ients  are o f  the  usual fora. 

*? 
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%sic  Character is t ics  

In  general,  the  leading-edge  modifications produced the same trends 
in  the aerodynamic character is t ics   of  the model as t h e   f u l l y  cambered 
and twis ted  wing. Inasmuch as a detailed  discussion  of  these  trends may 
be found in  reference 3, the'  present  discussion w i l l  be  limited. The 
model configuration  with the symmetrical wing (refs. 1 and 2) w i l l  be 
used a s   t he  basis fo r  comparison of   the aerodynamic e f fec ts   o f   the  two 
leadingedge  modifications and t h e   f u l l y  cambered and twis ted  wing 
(ref. 3). 

L i f t  and Drag Character is t ics  

The summary of maximum lift coeff ic ients   presented  in   f igure 9 
shows that the  leading-edge-camber  modification 2 had the  highest  value 
at all sweep angles and modification 1 had va lues  greater than  those of 
the fully cambered  and twisted wing a t  sweep angles i n  excess of about 
450. It can a l so  be seen fn f igure 9 that the gain h maximum l i f t  coef- 
f i c i e n t  produced by def lect ing  the  par t€al-span  spl i t   f laps  was about 
equal  for a l l  model configuratfons a t  20° sweep. 

The leading-edge-camber  modification 2 was almost as ef fec t ive  in 
reducing  drag due t o  l f f t  as t h e   f u l l y  cambered  and twisted wing a t  a l l  
sweep angles.  (See  fig. 10.) As might be ant ic ipated f r o m  the camber 
difference,   the  modification I was less effective. - 

Ln f igures  11 and I 2  it can be seen that for sweep angles very  near 
20° the  cambered leading-edge  modification 1 had the  highest  (L/D),, 

of the  wing plan forms reported  herein; a t  sweep angles in excess of 
about 35O, t he  fully cambered and twisted w i n g  had the highest (L/D),x. 
Moreover, t h e   f u l l y  cambered  and twisted wing generally was more effec-  
tive at  a l l  sweep angles i n  increasing  the L/D values a t  lift coef- 
f i c i e n t s  above that corresponding t o  (L/D)max. 

* 

Pitching-Moment Character is t ics  

The summary of tail-off pitching-moment coefficients  for  each model 
configuration  (fig.  13) shows that a t  a l l  sweep angles the  model with  the 
cambered leading-edge  modifications b d  much smaller nose-dowi  pitching 
moments a t  zero lift than t h e   f u l l y  cambered  and twisted wing model. 
The ef fec t   o f  sweep, in general, was to reduce  the magnitude of  the  zero- 
lift pitching-moment coeff ic ient .  A t  50° and 60° sweep, the  model with 
m y  of  the wings investigated showed an   i nc rease   i n   s t ab i l i t y  a t  an 
intermediate l i f t  coefficfent  followed  by a dec rease   i n   s t ab i l i t y  

A 
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a t  high lift coeff ic ients .  The e f f ec t  of the cambered leading-edge 
modifications was to   increase  the lift coeff ic ient  (beyond that of the 
symmetrical wing) a t  which t h e s e   s t a b i l i t y  changes occurred. A t  low 
lift coeff ic ients ,  none of the wing modifications had any  appreciable I 

e f fec t  on the long i tud ina l   s t ab i l l t y  of the model. As shown by figure 14, 
the ef fec t ive  downwash a t   t h e   t a i l  was essen t i a l ly  unchanged by the 
cambered leading-edge  modifications,  probably  because  the span of the 
inboard  symmetrical  sections and the s p n  of  the t a i l  w e r e  very  nearly 
equal. 

Lateral S tab i l i ty   Charac te r i s t ics  

The lateral s t a b i l i t y  parameters  presented in   f i gu re  15 show tha t  
a t  sweep angles  less  than 500, the  leadingedge-csmber  modifications 
increased  the  effective  dihedral 4- a t  high lift coef f ic ien ts .  This 

e f fec t  i s  s imi l a r   t o  that produced  by the   fu l ly  cambered and twisted 
wing. The  d i r ec t iona l   i n s t ab i l i t y  observed a t  high lift coeff ic ients  of  
the model with  the  symmetrical wing was a t t r ibu ted  t n  reference 2 t o  
mutual  interference between  wing, fuselage, and ta i l .  The use of e i t h e r  
the cambered leading-edge  modifications  or the fu l ly  cambered and twi s t ed  
wing increased  the lift coe f f i c i en t   a t  which d i r ec t iona l   i n s t ab i l i t y  
occurred;  but  the  incremental  difference between the lift coeff ic ient  
fo r  stall and lift coeff ic ient  for d i rec t iona l   i n s t ab i l i t y  was appmxi- 
mately  the same fo r  all model configurations. In all other  respects, 
the   t rends   in   the   l a te ra l  and d i r ec t iona l   s t ab i l i t y   cha rac t e r i s t i c s  were 
essent ia l ly  unchanged by the leading-edgexamber  modifications. 

zB 

The resu l t s  of the  present  investigation of partial-span  leadfng- 
edge-camber modifications compared t o   t h e  r e s u l t s  obtatned on the same 
model but  with a wing of symmetrical secttons as one limit and a f i l l y  
cambered and twisted wing as  the  other, indicate the following  conclusions: 

1. In general,  both cambered leading-edge  modifications produced 
the sanie t rends  in  the aerodynamic charac te r i s t ics  of the model as the 
fully cambered and twisted wing. 

2. The highest  value  of t a i l d f f  maximum lift coeff ic ient  wa8 
obtained a t  a l l  sweep angles from leading-edge camber modification 2 
(which had twice  the camber of modification 1) . 

3.  The f lap  effect iveness  a t  the minimum sweep angle of 200 was 
about  equal  for all configurations. 
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4. The reduct ion  in  drag due t o  lift was about  the same f o r   t h e  
model wi th   e i ther  the leading-edge-camber  modification 2 o r   t he  fully 
cambered and twi s t ed  wing. 

5 .  A t  sweep angles in excess of about 35O, the partial-span leading- 
edge-camber modifications w e r e  not as e f fec t ive  as t h e   f u l l y  cambered  and 
twisted wing in increasing  the maxirmun lift -drag r a t i o  (L/D),, of  the 
symmetrical wing  model. In addi t ion,   the  fully cambered  and twisted 
wing generally had the  h i  est L/D values at lift coef f ic ien ts  above 
that corresponding t o  (L $" D)- f o r  a l l  sweep angles. 

6. The lateral and d i r ec t iona l   s t ab i l i t y   t r ends  were e s s e n t i a l l y  
the same as previously  reported  for   the  ful ly  cambered  and twis ted  wing. 

Iangley  Aeronautical  Laboratory 
National  Advisory Committee for  Aeronautics 

Langley  Field, Va . 
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Figure 1.- System of axes. Positive di rec t ions  of forces ,  moments, and 
angles are indicated by =rows. 
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(a) A = zoo. 

c 

(b) A = 60°. v 
~-721a 

Figure 3 . -  Views of test model a s  mounted on support a t r u t  in tunnel 
with leadingedge-camber modification 2. 
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Figure 5.- Variation of wlng man camber height vith s t r e d s e  chord 
at 50’ sweep. 
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-4 2 0 -2 .4 -6 .8 LO 
Lift coefficient, CL 

(a> A = 20°. 

Figure 6.- Longitudinal aerodynamic characteristics of the model with 
modification 1. s f  = 0. 
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L i f f  coefficient,C' 

(b) A = 35O. 

Figure 6.- Continued. 
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(c) A = 50'. 

Figure 6. - Continued. 
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(dl A = 60'. 

Figure 6 . -  Continued. 
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(a) Concluded. 

Figure 6.- Concluded. 
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-4 :2 0 .2 4 .6 .8 LO L 2  
L i f f  coe fficienf, CL 

(a) A = 20~. 
Figure 7.- Longitudinal aerodynamic characteristics of the model with 

mdif ica t fon  2. 6f = 0. 
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Figure 7. - Contfnued. 
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Figure 7 .  - Continued. 
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(a) A = 60°. 

Figure  7. - Continued. 
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(a) Concluded. 

Figure 7. - Concluded. 
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(a) Modification 1. 

Figure 8.- Longitudinal aerodynamic characteristics of the model at 
20' sweep with split flaps deflected 50'. 
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(b) Modffication 2. 

Figure> 8. - Concluded. 
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Figure 9.- The effect of t he  various wing moajflcations on the maxlmum 
lift coefflcieat for th wing-fuselage combination. 
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Figure 10.- The effect of the various wing modifications on the drag 
characteristics of the wing-fuselage combination. 6f = 0'. 
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Figure 10. - Continued. 
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Figure 11.- The effect of.the various w i n g  modifications on the rnaxhtm 
lift-drag ratios of the wing-fuselage combfnation. €jf = Oo. 
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Figure 12.- The effect of the various w i n g  modifications on the  
drag ratios of the wing-fuselage combination. 6f = 0'. 
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Figure 12.- Continued. 
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Figure 12. - Continued. 
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Figure 12.- Concluded. 
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Figure 13.  - The e f f e c t  of the various wing mdi f   i ca t ions  on the pitchlng- 
mment charac te r i s t ics   o f   the  wing-fuselage combination. Sf = 0. 
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(a) A = 20'. 

Figure 14.- !the effect of the various ving mdifications on the effective 
downwash at the tail of the t e s t  model. 6f = 0 .  
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Figure 14.- Continued. 
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(d) A = 60'. 
Figure 14. - Concluded. 
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(a) A = 2oo. 

Figure  15.- The e f f e c t  of the various wing modifications on tb statfc- 

lateral-stability parameters of the t e s t  model. it = - '4 30 ; 6f = 0. 
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Figure 15. - Continued. 
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(a) A = 60°. 
Figure 15. - Concluded. 
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